Abstract: This work describes the worldwide applications of dielectric and bioimpedance measurements techniques in various fields. Dielectric and bioimpedance spectroscopy are major non-destructive measurement systems with great potential in the technology field. All results produced by the Scopus database were used as the core of the study in hand, with different items from journals, papers and conference proceedings being taken into account. The results of this analysis show that the interest in electrical properties has risen in the last years due to the advanced technological measurements offered on the scientific level. Results show that bioimpedance studies are considerably more recent compared to dielectric studies, and are more directed towards medical purposes while dielectric spectroscopy focuses on physical aspects, and is used mostly in engineering and material science. It can be stated that bioimpendance and dielectric spectroscopy are being increasingly applied and that they have the capacity to deepen and enhance research investigation.
Introduction
Electrical measurement is considered a simple tool for material characterization [1] . Throughout the past decades, researchers have shown tremendous interest in electric detection techniques [2] . Bioimpedance, which consists of measuring the intensity of electrical current passing through the investigated system of electrolytes, was widely used in various applications due to the simplicity of measurements [3] . Electrical impedance, as a complex resistance in the presence of alternating current, is considered to be a very useful tool to investigate the structural characteristics of plant tissues [4] . Its measurements have provided valuable data on the characterization of living tissues, such as cell size and shape, and the state of cell membranes, the status of intra and extra cellular media [5] . Moreover, it provides useful physiological insights on fruit ripening [6] as well as other horticultural quality parameters. At low frequency ranges (10 Hz to 10 MHz), various circuit models have been described to represent the electrical impedance spectrum, where elements represent the electrical resistance and capacitance of different cellular structures [7] [8] [9] . However, the success of this electrical measurement is highly dependent on the material under test, where frequency range and methods should be optimized according to the application [1] . Moreover, many factors may influence the resistance during the measurements and increase the percentage of experimental errors. Among these are electrode oxidation and polarization, the tissue browning and perturbing effect of the skin [10] . For 100% testing applications, speed is a very important factor in contrast to sample measurement where speed is not really important. Using the time domain spectroscopy could be a good approach [1] . Bioimpedance is seen as a good technique for assessment due to the advanced mathematical modeling that has facilitated bioimpedance measurement. Nevertheless, it can highly assess changes in tissues under high voltages since it is quite sensitive to the permittivity of cell membranes [11] .
Permittivity is another effective electrical measurement that has been extensively used as a non-destructive method for detecting biomaterials. Permittivity measures how an electric field affects and is affected by a dielectric medium. It relates to a material's ability to permit electrostatic lines of flux within that material's ability. Relative permittivity is most often used to define the dielectric properties of materials [12] . Among the several techniques used for measuring dielectric
properties, the open-ended coaxial probe regarded as a popular non-destructive method for liquids, semi-solid and solid samples. An open-ended coaxial line is inserted into the sample, and the phase and amplitude of the reflected signal are calculated [13] . Various experiments have shown different levels of success where dielectric theory can be applied for a wide range of electromagnetic waves frequencies [14] . For example, manganese and vanadium mixed oxide were tested for their dielectric properties [15] . Also, among the most recent publications, a study on micro/nanocellulose oxide composites investigated their dielectric relaxation parameters [16] .
Bioimpedance and dielectric spectroscopy are the core of future electric material investigations; thus examining the evolution of these techniques from an objective point of analysis, is a valid step towards amplifying the efforts in particular areas in order to get the maximum benefits from the available technologies. A scientometric approach can offer valuable guidance to future areas of investigation by identifying gaps in the available data. By enabling comparison of universities' research performance [17] [18] [19] , a bibliometric study provides a realistic spatiotemporal analysis of each of the proposed techniques [20] .
Measurements of dielectric and bioimpedance spectroscopy today hold the potential for a true evolution in various technological areas. Considerable information on multiple physiological parameters of the human body and vital systems can be provided by electric impedance measurements [21] . In fact, electrical impedance spectroscopy was assessed to be effective for detection of bladder abnormalities, such as a bladder biopsy [22] , a useful technique for the characterization of muscles' electrical properties [23] , as well as for the possible development of an in vivo myocardial model for cardiovascular and respiratory systems [24] . Additionally, a genuine digital algorithm was developed, characterized and showed efficacy for online measurement of the dielectric loss factor of electronic transformers [25] . In the microwave frequency region, dielectric constant and loss of high-K thin film dielectric was determined [26] , for tropical wood [27] and characterization of different vegetable oils are realized by Cataldo et al. to confirm the potential of dielectric spectroscopy for quality purposes [28] .
The main objective of this work is to analyze the research state of the bioimpedance and dielectric applications in different fields and in the light of these results, to build a generic perspective on the standing of these techniques in their technological application in our world today. The core benefit of bioimpedance and dielectric spectroscopy resides in the possibility of applying these advanced measurement systems to a variety of scientific areas. This work can be achieved through the extraction of terms relevant to the research, the analysis of growth in prevalence of these terms and the identification of interrelationships [29] . Research is the primary motivating factor for advances in the bioimpedance and dielectric fields [30] .
Materials and Methods
Worldwide, Scopus and Web of Science (WOS) are the most used databases to search scientific literature [31] . The Web of Science (WOS) was created in 1960 as the Science Citation Index of the Clarivate Analytics Institute of Scientific Information (ISI), while Scopus was introduced by Elsevier in 2004, but its citation period coverage starts earlier, in 1996 [32] . The competition between Scopus and WOS databases was intense and helped to improve both databases [33] . Several researchers have compared the coverage, features and citation analysis capabilities of Scopus and WOS. These comparative studies of Scopus and of WOS conclude that the coverage of journals in WOS (13,605 journals) is less than Scopus (20,346 journals) [34] , and the correlations are extremely high (R2 ≈ 0.99) between the measures obtained for both databases for: the number of papers, the number of citations received by countries, and for their ranks [35] . The advantage of selecting one of them depends on the specific scientific or geographical area [36, 37] . The advantages of Scopus are shown in several research papers and therefore the database is also used for numerous bibliometric analyses [38] [39] [40] [41] .
A deep search in the Scopus database has been performed using sub-fields, "subjarea" and "affilcountry" to identify all the publications that have been concerned with measuring the electric properties of materials in various fields, using bioimpedance or dielectric spectroscopy. The search is based on "dielectric", and "bioimpedance". The search dates are from1893 to 2016 and from 1966 to 2016 for dielectric and bioimpedance, respectively. An examination of the indexed scientific journals can guide in performing the analysis of research endeavors and tendencies [42] [43] [44] [45] [46] [47] . The different electrical research sub-fields comprise all the types of measurements related to both bioimpedance and dielectric spectroscopy. Spreadsheets have been used to handle the retrieved records. Each of the publications from Scopus follows a systematic database recording [48] . For the record, each document is identified by its authors, title, year of publication, source title with the volume, issue number, starting and ending pages (where available). Often, this information is accompanied with the digital object identifier (DOI) for articles dating back to the 21st century and the international standard serial numbers ISSN (where applicable). Moreover, Scopus records are always updated with the exact affiliation details and the number of citations. Much information has been derived according to publications available online. Thus, rates and statistics about this particular field have been computed. It has been shown that many fields of interest can be analyzed for both bioimpedance and dielectric spectroscopy techniques on available studies. Figure 1 shows the distribution of 349,315 documents published between 1893 and 2016 on dielectric where the majority is recorded as 245,740 articles, that is, about 70.3% of the total publications. In the chart, it is shown that 91,725 conference papers make up 26.3%, and 3695 reviews are only 1% of the total. The small, remaining percentage is divided between press articles, book chapters, letters, notes and Erratum. Due to the fact that the majority of published works are journal articles, it is evident that 328,053 documents are written in English (93.94%). While the second language of publication is Chinese (8250, that is, 2.36%), the other three languages among the top 5 are Russian, Japanese and German. As well, Figure 1 shows the distribution of 4343 results obtained on bioimpedance dating from 1966 to 2016. Again, articles (3110) are the majority of these publications, about 71.6% of the total, while 824 conference papers and 173 reviews are recorded, which constitute 19% and 4% of the total publications, respectively. The remaining, less important documents divided among letters, articles in the press, conference reviews, editorials and book chapters. About 90.54% of the documents are published in English which is a considerable number, that is, 3954 publications. Remarkably, Spanish and Portuguese come next in terms of languages with 129 and 59 documents respectively (about 3%).
Results

Types and Languages of Publications
In this regard, it is interesting to compare these numbers with documents obtained on a dual search with bioimpedance and dielectric combined together; this search resulted in only 184 documents with the first one published in 1987 and the last in 2007. 
Evolution of Scientific Output
In dielectric spectroscopy, the earliest available publication dating to 1893 reflects the significant interest in this field since that time. Similarly, for bioimpedance, the same pattern is observed where only a very few publications were produced in the early years A transient phase can be detected up until 1921 with 11 publications, and since then the numbers have risen continuously every year to reach 100 in 1949, 1201 in 1969, 7815 in 2000 and 17,979 in 2016.
For bioimpedance, although the first publication was in 1966, the years following this show few recorded documents on this topic. A considerable increase is noted in 1986 with 10 documents and the numbers kept doubling from year to year to reach about 353 in 2016. The rate of growth can be seen in a graph using logarithmic scale.
The analyzed documents, in terms of time evolution perspective are shown in Figure 2 ; for comparison purposes, the graph restricts results to the common publication years. Thus, the starting year considered is 1966 when the first bioimpedance publication took place and it can be clearly seen that both techniques are follow a similar increasing publication pattern. However, there is an interesting difference in numbers as dielectric spectroscopy keeps realizing higher values every year. For instance in year 2006, 146 publications are recorded for bioimpedance comparing to 12,608 for dielectric, the graph has different scale for dielectric on the left and bioimpedance on right. Year 2015 witnessed the maximum number of publications for both techniques with 388 and 18135 publications for bioimpedance and dielectric terms, respectively. This reveals that there is large discrepancy between both trends which cannot be reduced easily, while both have very similar increasing patterns.
Publication Distribution by Countries and Institutions
Worldwide development in dielectric spectroscopy research is mainly centered in the United States; where about 78,631 total publications concerned with dielectric studies are recorded. It is evident that all the necessary technological techniques and measurements systems are available in such a developed country, which helps in conducting the various experiments and funding research laboratories to produce a considerable amount of results. Notably, China seems to have great interest in dielectric spectroscopy as well, and is making appreciable efforts to improve dielectric research; it recorded 44,255 publications up until 2016. Among the top 5 countries, are Japan, India and Germany with 28,831, 22,302 and 20,386 publications, respectively. Some other countries such as France (16, 762) , the Russian Federation (15, 177) , United Kingdom (15,043), South Korea (13, 866) and Taiwan (9327) have made significant contributions to the field of dielectric spectroscopy as well, see Figure  3 . 
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Worldwide development in dielectric spectroscopy research is mainly centered in the United States; where about 78,631 total publications concerned with dielectric studies are recorded. It is evident that all the necessary technological techniques and measurements systems are available in such a developed country, which helps in conducting the various experiments and funding research laboratories to produce a considerable amount of results. Notably, China seems to have great interest in dielectric spectroscopy as well, and is making appreciable efforts to improve dielectric research; it recorded 44,255 publications up until 2016. Among the top 5 countries, are Japan, India and Germany with 28,831, 22,302 and 20,386 publications, respectively. Some other countries such as France (16, 762) , the Russian Federation (15,177), United Kingdom (15,043), South Korea (13,866) and Taiwan (9327) have made significant contributions to the field of dielectric spectroscopy as well, see Figure  3 . Regarding bioimpedance spectroscopy, the United States also leads in this area. It is clear that this country leads the international research in this field with 850 published documents, while United Kingdom and Spain come next with approximately less than half of this number (336 and 326, respectively). Germany and Italy with 319 and 315 published documents respectively, reside among the top 5 publishing countries as well. Brazil, Australia, France, Sweden and Poland are next with 326, 180, 175, 141 and 131 publications, respectively. Figure 4 is a graphic representation of the distribution of studies worldwide. When looking at the affiliations of the publications, it should be noted that Scopus will direct us to each of the categories we are looking for, and it automatically, takes into consideration, and calculates all the different authors publishing in a particular institution. Thus, any publication will be counted appropriately when comes to authorship and affiliations.
The results show that the most yielding institutions in dielectric studies are Pennsylvania State University with approximately 3358 documents followed by the Russian Academy of Sciences which also plays a dominant role in the dielectric spectroscopy scene with 2678 publications. Next, o significant numbers are displayed by Xi'an Jiaotong University (2618), Tsinghua University (2375) and the Tokyo Institute of Technology (2046) ( Figure 5 ). On the other hand, the most prolific institutions in bioimpedance publishing are the University of Queensland that scores 89 publications, Universitat Politecnica de Catalunya (83), Tallinn 
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Number of autorships On the other hand, the most prolific institutions in bioimpedance publishing are the University of Queensland that scores 89 publications, Universitat Politecnica de Catalunya (83), Tallinn University In looking at the evolution in publication trends for these universities (Figure 7) , results show that institutions recorded with top scores 10 years ago have not been consistent. Although the first published document on bioimpedance refers to Beckman Coulter University in California, this has remained the only document produced in this area. The top-ranking universities have changed in the past years, but in the last ten years the universities with the most active, ongoing research and publications have been consistent. For instance, the Russian Academy of Sciences did not initiate its first publication in dielectric research study until 1992, with 5 documents, but has boosted its research to achieve about 120 documents in 2015. The same applies for the University of Sao Paolo which was not among the top universities until last five to six years ago when it witnessed a significant boost. It is interesting to have a look at the international collaborations between these institutions and other laboratories and investigational centers. According to the results, the University of Queensland, the top-ranking publishing university collaborates with the University of Sydney (about 32%) and the Queensland University of Technology QUR (27%). Pennsylvania State University has collaborated with Harbin Institute of Technology, Xi'an Jiatong University, the University of Edinburgh, the University of Puerto Rico, North Carolina State University, TRS Technologies and Intel Corporation. In looking at the evolution in publication trends for these universities (Figure 7) , results show that institutions recorded with top scores 10 years ago have not been consistent. Although the first published document on bioimpedance refers to Beckman Coulter University in California, this has remained the only document produced in this area. The top-ranking universities have changed in the past years, but in the last ten years the universities with the most active, ongoing research and publications have been consistent. For instance, the Russian Academy of Sciences did not initiate its first publication in dielectric research study until 1992, with 5 documents, but has boosted its research to achieve about 120 documents in 2015. The same applies for the University of Sao Paolo which was not among the top universities until last five to six years ago when it witnessed a significant boost. In looking at the evolution in publication trends for these universities (Figure 7) , results show that institutions recorded with top scores 10 years ago have not been consistent. Although the first published document on bioimpedance refers to Beckman Coulter University in California, this has remained the only document produced in this area. The top-ranking universities have changed in the past years, but in the last ten years the universities with the most active, ongoing research and publications have been consistent. For instance, the Russian Academy of Sciences did not initiate its first publication in dielectric research study until 1992, with 5 documents, but has boosted its research to achieve about 120 documents in 2015. The same applies for the University of Sao Paolo which was not among the top universities until last five to six years ago when it witnessed a significant boost. It is interesting to have a look at the international collaborations between these institutions and other laboratories and investigational centers. According to the results, the University of Queensland, the top-ranking publishing university collaborates with the University of Sydney (about 32%) and the Queensland University of Technology QUR (27%). Pennsylvania State University has collaborated with Harbin Institute of Technology, Xi'an Jiatong University, the University of Edinburgh, the University of Puerto Rico, North Carolina State University, TRS Technologies and Intel Corporation. It is interesting to have a look at the international collaborations between these institutions and other laboratories and investigational centers. According to the results, the University of Queensland, the top-ranking publishing university collaborates with the University of Sydney (about 32%) and the Queensland University of Technology QUR (27%). Pennsylvania State University has collaborated with Harbin Institute of Technology, Xi'an Jiatong University, the University of Edinburgh, the University of Puerto Rico, North Carolina State University, TRS Technologies and Intel Corporation.
Distribution of Output in Subject Categories and Journals
A classification depending on subjects that coexist with dielectric subjects is presented in Figure 8 . Concerning dielectric spectroscopy, physics and astronomy account for approximately half of the published work in this area, that is, 50.7% corresponding to 176,975 documents. Engineering and material science subjects are close with 45.2% and 36.9% (158,061 and 128,797), respectively. Other relevant subjects are chemistry (13.8%), computer science (7.6%), chemical engineering (5.2%), mathematics (3.7%) and energy (2.6%). Agricultural and biological sciences account for less than 1%. Clearly, t physics is consistently at the first level until engineering comes to put the theory into practice. Figure 9 presents a similar classification for bioimpedance spectroscopy. Not surprisingly, medicine accounts for 69.8% of the subjects related to bioimpedance; hence, it appears in 3029 documents and reflects the historical commitment of bioimpedance spectroscopy to several medical diagnoses and cures. The second predominant group is engineering which covers 20.37% (885 documents). A very approximate value is recorded for biochemistry, genetics and molecular biology (864 documents, 19.89%). Other relevant subjects are nursing with8.7% (377 documents), computer science with 7.1% (309) and chemical engineering with 6.5% (282). The agricultural and biological science subject relevant to our study objective, records only 5.4% (233). The other subject areas are a small minority and not worthy of further considerations. It is important to mention here, that a document on Scopus might fall under more than one subject category which explains that the total number of documents in the distribution of subject area is greater than the real total publication. A quick analysis of the number relates to the aim of the manuscript. It is evident that engineering fields have taken much advantage of both dielectric and bioimpedance techniques, thus much engineering research areas has been developed based upon these approaches. Engineering is ranked second in both area, with 45.2% and 20.37%, respectively which implies that considerable research is conducted. These applications can be applied into biomedical engineering for bioimpedance, as well as electronic and industrial engineering for dielectric spectroscopy.
The list of the top 10 journals where studies on dielectric and bioimepdance were published is listed in Table 1 Figure 9 presents a similar classification for bioimpedance spectroscopy. Not surprisingly, medicine accounts for 69.8% of the subjects related to bioimpedance; hence, it appears in 3029 documents and reflects the historical commitment of bioimpedance spectroscopy to several medical diagnoses and cures. The second predominant group is engineering which covers 20.37% (885 documents). A very approximate value is recorded for biochemistry, genetics and molecular biology (864 documents, 19.89%). Other relevant subjects are nursing with8.7% (377 documents), computer science with 7.1% (309) and chemical engineering with 6.5% (282). The agricultural and biological science subject relevant to our study objective, records only 5.4% (233). The other subject areas are a small minority and not worthy of further considerations. It is important to mention here, that a document on Scopus might fall under more than one subject category which explains that the total number of documents in the distribution of subject area is greater than the real total publication. A quick analysis of the number relates to the aim of the manuscript. It is evident that engineering fields have taken much advantage of both dielectric and bioimpedance techniques, thus much engineering research areas has been developed based upon these approaches. Engineering is ranked second in both area, with 45.2% and 20.37%, respectively which implies that considerable research is conducted. These applications can be applied into biomedical engineering for bioimpedance, as well as electronic and industrial engineering for dielectric spectroscopy.
The list of the top 10 journals where studies on dielectric and bioimepdance were published is listed in Tables 1 and 2 The journals' details in terms of cite score, Scimago Journal Rank (SJR), Source Normalized Impact per Paper (SNIP) and publisher are listed in the Tables 1 and 2 . For further analysis, an illustrative dissection of these journals according to 3 parameters is presented in Figures 10 and 11 for dielectric and bioimpedance, respectively. The numbers of publications of these journals, their Journal Citation Report (JCR) set by Thomson Reuters and the SJR by Elsevier define their position. The journals' details in terms of cite score, Scimago Journal Rank (SJR), Source Normalized Impact per Paper (SNIP) and publisher are listed in the Tables 1 and 2 . For further analysis, an illustrative dissection of these journals according to 3 parameters is presented in Figures 10 and 11 
Analysis of Author Keywords and Index Keywords
Following the research trend in the engineering and science areas and seeking updates in the evolution of investigation in these fields required keyword analysis in published research papers [49, 50] . For the objective of finding the total number of keywords used, a refined process is applied in the Scopus exported data. The top 30 keywords used in dielectric are listed in Table 3 . "Dielectric material", "permittivity" and "dielectric properties" are ranked as the first three items with 50,033, 36,469 and 31,383 items, respectively. Table 4 shows the first 30 keywords most used in publications. The fact that a keyword such as "human" or "humans" is detected as different versions of the same word raises the issue of different versions of the same concept word. Among the 4344 publications, and throughout the whole period being investigated, "human" appeared to be the highest ranking keyword with 2722 appearances, the word "article" appears 2365 times. Graphs in Figures 12 and 13 Figure 11. Ranking of top 10 bioimpedance journals according to items, JCR and SJR criteria.
Following the research trend in the engineering and science areas and seeking updates in the evolution of investigation in these fields required keyword analysis in published research papers [49, 50] . For the objective of finding the total number of keywords used, a refined process is applied in the Scopus exported data. The top 30 keywords used in dielectric are listed in Table 3 . "Dielectric material", "permittivity" and "dielectric properties" are ranked as the first three items with 50,033, 36,469 and 31,383 items, respectively. Table 4 shows the first 30 keywords most used in publications. The fact that a keyword such as "human" or "humans" is detected as different versions of the same word raises the issue of different versions of the same concept word. Among the 4344 publications, and throughout the whole period being investigated, "human" appeared to be the highest ranking keyword with 2722 appearances, the word "article" appears 2365 times. Graphs in Figures 12 and 13 show a perspective of the evolution of the most dominant keywords throughout the last 10 years for dielectric and bioimpedance studies, respectively. 
Discussion and Conclusions
This work examines data pertaining to electrical characterization using dielectric and bioimpedance spectroscopy from 1893 to 2016, and 1966 to 2016, respectively. The total contributions reached 349,315 in dielectric and 4343 in bioimpedance under more than 20 categories. The nondestructive aspect of bioimpedance measurements using advanced techniques, and for dielectric spectroscopy as well, has pushed research further in the last decades and this is reflected in the 
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This work examines data pertaining to electrical characterization using dielectric and bioimpedance spectroscopy from 1893 to 2016, and 1966 to 2016, respectively. The total contributions reached 349,315 in dielectric and 4343 in bioimpedance under more than 20 categories. The non-destructive aspect of bioimpedance measurements using advanced techniques, and for dielectric spectroscopy as well, has pushed research further in the last decades and this is reflected in the exponential rise in publication for both spectroscopy techniques, in particular, in the fields of medicine for bioimpedance and engineering science for dielectric. Most of the work was published in international journals and conferences proceedings, English being the dominant language. The majority of publications comes from the United States and China. This might be due to their large geographical area, and thus, the abundance in available universities in these countries. The United Kingdom has a relevant role next to other European countries such as, Germany, Spain and France.
Regarding the document type, both techniques are most published in journals, in articles (more than 70%) and conferences papers come next with 19% and 26% for bioimpedance and dielectric, respectively. Convincingly, English is the most used language in more than 90% of the total publications; today English is the universal language of conducted scientific studies in various fields and a decent level of English is required in most international journals.
Results showed that dielectric spectroscopy dates 73 years earlier than bioimpedance. While the first technique was first described in publications in 1893, bioimpedance studies were first written about in 1966 with very a small number of publications until 20 years later when the number of documents increased to around 4-5 dozen. Meanwhile, dielectric publications are increasing non-stop with more than 600 publications in 1966 which is more than bioimpedance in its peak year of publication (388 in 2015). Not surprisingly, in both fields, the United States ranks number one in publications as this country holds an immense capacity for conducting research experiments and investigation studies of technological techniques. Hence, top ranking universities are the ones in the United States, providing all the financial and scientific requirements for technological improvement. Clearly, the United States is working in parallel to progress the investigational process through its research and developments centers and providing improved technological techniques. Notably, the top-ranking universities in both fields are not listed consistently in the primary ranks throughout the years; some universities that started their research on bioimpedance and dielectric have not pursued this research area while the opposite pattern is evident in the behavior of other institutions.
Regarding subject categories, the term bioimpedance has been mostly related to medical concerns, where bioimpedance spectroscopy has been used practically in diagnoses, treatments and cures for a variety of illnesses. Correspondingly, physics and astronomy is the most used subject for dielectric studies and engineering occupies the second rank for both topics with 20.37% and 45.2% for bioimpedance and dielectric spectroscopy, respectively. A quick analysis of the data revealed the relevance of engineering practices in both applications, which supports our interest in evaluating these topics. The International Federation for Medical and Biological Engineering (IFMBE) Proceedings carries the highest repository of bioimpedance publications while the Proceedings of the SPIE, the International Society for Optical Engineering holds this honor for dielectric studies.
In short, a solid investigation was undertaken to examine the state of such studies worldwide, how they started, when, where and what are the common fields of study. Also, it was helpful to conduct a comparable study for bioimpedance studies since most of the materials under test are executed by both techniques. In fact, both techniques rely in the use of electrical properties to assess the properties of materials and we considered this approach as relevant in a bibliometric study as no similar work has been published yet.
The final conclusion of the present work shows that bioimpedance and dielectric spectroscopy are non-destructive techniques that can be advanced by taking advantage of the maturation of technology and expansion of measurement instruments. Engineering research in electronics can benefit from this to realize significant progress in biomaterials characterization and quality detection. It is not surprising that engineering has taken over the physical research for dielectric studies; engineering is a realistic application of physical theories. Both techniques have proven to be relevant measurement techniques with significant future potential in various areas of investigation. Other engineering practices benefit from the evolution of these techniques that deserve investment to enhance engineering research in the future.
